Background: A new rapid Immunochromatographic test (ICT) kit (MPT64 TB Ag Kit) for detection of MPT64 Antigen in M. tuberculosis (MTB) isolates used for rapid identification of MTB isolates developed by SD (Standard Diagnostics) Bio line, South Korea was evaluated. The ICT is a rapid, reliable and cheaper method that can be used instead of conventional biochemical tests for confirming MTB in culture isolates in resource limited laboratories. The study also evaluated the ability of ICT to detect MPT64-Antigen before the micro MGIT could signal positive. Material/Methods: A total of 450 sputum samples of individual patients were used for the study. 152 isolates of Mycobacteria were recovered from solid and liquid media. These strains were tested for the detection of MPT64-antigen. H37Rv strain was served as the positive reference control and also used for early detection of Antigen experiment. Findings: The development of bands on both test and sample region when H37Rv strain was tested were seen (MPT64 antigen positive). When 138 MTB isolates were tested, it showed a similar banding pattern indicating 100% sensitivity. MPT64 band formation was not detected in any of the 14 isolates indicating 100% specificity. Both PPV & NPV were 100%. All the isolates negative for MPT64 Ag were confirmed as MOTT by conventional biochemical PNBA. The H37Rv strain showed a faint band from the 2 nd day onwards from inoculation till 3 rd day in the earlier Antigen detection experiment. Conclusion: Rapid identification of MTB culture isolate is a pressing need for diagnosis and proceeding to perform drug susceptibility testing. MPT64 TB Ag detection ICT kit is a rapid, reliable method, good substitute for molecular identification methods, and conventional biochemical test which is time-consuming and technically demanding. The early detection of Antigen can be used as an effective tool in diagnosis. 
Introduction
Tuberculosis (TB) is an infectious disease caused by the bacillus Mycobacterium tuberculosis (Mtb). It typically affects the lungs (pulmonary TB) but can affect other sites as well (extra pulmonary TB) [1] . The disease is spread in the air when people who are sick with pulmonary TB expel bacteria, by coughing. In general, a relatively small proportion of people infected with Mtb develop TB disease; however, the probability of developing TB disease is higher among people infected with HIV [1] . The 2013 World Health Organization (WHO) estimate showed 9 million (range, 8.6 million -9.4 million) cases of TB globally. There were 1.5 million TB deaths (little under 1.0 million among HIV-negative people and 0.3 million HIV-associated TB deaths) [2] . In India, about 2.0 -2.3 million incident cases of TB are reported annually, which account for a fifth of new cases in the world-a greater number than any other country [1] . The situation is further worsened by the increasing number of drug-resistant cases of TB. Thus, there is a need for rapid and correct identification of Mycobacteria and rapid drug sensitivity testing for effective treatment of the disease [3] - [6] .
The most common method for diagnosing TB worldwide is sputum smear microscopy (described for more than 100 years) [1] . Culture is the gold standard traditional methods employ solid media, which is less technology-invasive [7] . However, use of solid media takes 4 -8 weeks to identify growth and a further 4 -8 weeks if biochemical tests are to be performed. This consequently delays appropriate treatment to patients [8] . Liquid culture methods are widely used by many countries globally, are endorsed by WHO due to its rapid speciation quality and are specific and sensitive as compared to solid culture [7] - [13] .
Following recent advances in TB diagnostics, the use of rapid molecular tests for the diagnosis of TB and drug-resistant TB is increasing [1] . Molecular diagnostic technologies are increasingly being used in drug resistance surveys to simplify logistics and reduce laboratory workload. GenoType ® MTBDRplus (Hain Lifescience, Germany) and Xpert ® MTB/RIF (Cepheid, USA) were used in the national survey in Nigeria completed in 2012. Rifampicin resistance is the most important indicator of MDR-TB, though not a complete surrogate for MDR-TB, particularly in settings where levels of drug resistance are low, with serious clinical implications for affected patients [1] .
MPT64, a 24 kDa secretory protein, is one of the major antigens from TB bacteria. Recently, MPT64 has been shown to differentiate the Mycobacterium tuberculosis complex (MTC) from other bacterial species [14] . A mouse monoclonal MPT64 Antibody based kit developed by SD Bio line, South Korea was evaluated for rapid identification of M. tuberculosis isolates from other bacterial species (including the BCG strain) and Mycobacterium other than tuberculosis (MOTT) [3] - [6] [15] . The purpose of this study was to evaluate the SD Bio line MPT64 antigen detection test kit for the routine identification of MTB complex against para nitro benzoic acid (PNBA); a biochemical test to differentiate between MTB and MOTT [16] - [19] .
In this regard, we evaluated the clinical usefulness, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) & Kappa of the commercially available Immunochromatographic test kit, SD Tb Ag to MTB complex against para nitro benzoic acid (PNBA); a biochemical test to differentiate between MTB and MOTT.
Moreover, we have also tested the ability of the SD Tb Ag kit to early detect the protein from a liquid medium (MGIT) before the micro MGIT reader could signal the tube positive.
Materials and Methods
A total of 450 clinically suspected individual TB patient (sputum) samples of 2 -5 ml volume, were collected from the St. Johns medical college hospital in Karnataka, India.
These samples were subjected to decontamination and homogenization using NaLC-NaOH method for liquid culture and solid culture [20] - [24] . Smears made from concentrated specimens were air dried, heat fixed and the smear was covered with carbol fuchsin stain, and Heated until vapour just begins to rise and was allowed to remain on the slide for 5 minutes. After 5 minutes the smear was washed with distilled water, the smear was decolorized using acid alcohol for 2 -5 minutes or until the smear is sufficiently decolorized, i.e. pale pink. The smear was washed with distilled water and the slide was Covered Methylene blue stain for 1 -2 minute. All the smears were read within 48 hours of preparation using a light microscope (magnification 1000×). They reported the presence or absence of acid-fast bacilli (AFB) using the WHO/IUATLD and RNTCP scale, with a positive result corresponding to ≥1 AFB per 100 high-power fields (HPFs) [21] [25] .
Clinical samples after digestion concentration were inoculated in liquid culture (BACTEC MGIT, Beckton Dickinson) and solid culture media (commercial Lowenstein Jenson Medium (LJ)) and were incubated at 37˚C [21] [23] [24] . MGIT was incubated for six weeks and LJ media up to eight weeks [21] [23] [24] . The culture positive samples were confirmed to be AFB by Ziehl-Neelsen's staining. A total of 152 ( Figure 1 ) culture isolates of Mycobacteria (from liquid and solid culture), using BACTEC MGIT system and Lowenstein Jensen media, were used for the study. ATCC H37Rv strain and Mycobacterium fortuitum were used as the standard positive and negative control respectively. TB Antigen MPT64 rapid ICT kit, manufactured by Standard Diagnostics, Seoul, South Korea, was used as per the manufacturer's instructions [3] - [6] [15] . Monoclonal mouse antibodies, against MPT64 antigen, are immobilized on a nitrocellulose membrane for confirmation of MTB isolates. The entire test procedure was carried out inside a biosafety class II cabinet and level three biosafety laboratory. 100 µl of sample from liquid culture was applied directly without any sample preparation in the sample well. For solid culture isolates 2 -4 colonies were scraped from the solid medium and suspended in 200 μl of extraction buffer provided in the kit. The emulsified solution was applied in the sample well as described above. After 15 minutes of sample application the test was interpreted at room temperature. 5 MGIT were inoculated with reference positive control strain H37Rv ATCC (MTB 27294); 100 µl media was withdrawn from the tubes next day onwards (after the inoculation), before they were signaled as positive by the fluorescent signals using Micro MGIT and the presence of MPT64 antigen secretion was checked by ICT. The test cassette was compared with positive and negative controls. The development of pink band in control and test region indicated the presence of MPT64 antigen. The positive bands developed within 5 -10 mins. The sensitivity and specificity of the assay was calculated based on test results from MTBC and MOTT isolates. The absence of band in the control region was considered invalid. All the ICT results were validated by commercially available PNBA (para nitro benzoic assay) test for identification of MTBC or MOTT [16] - [19] .
The MPT64 rapid ICT kit and LJ media procured commercially from Standard Diagnostics and Fi-Tech Chemechtron Pvt. Ltd. Bangalore. The study was approved by the, St. John's Medical College & Hospital Institutional Ethical Review Board. All study subjects were enrolled in the study only after they had provided informed written consent.
Statistical Methods Used for Analysis Data Were Reported Using Number and Percentages
The portion of MTB complex was compared between MPT64 Ag and PNBA. Specificity, positive predictive value (PPV), negative predictive value (NPV) & Kappa of MPT64 was reported. Kappa statistics was used to test the concordance between MPT64 with PNBA. P value less than 5% was considered stats significant.
Results
Out of 450 specimens which were cultured 152 (33.7%) found to be culture positives. These 152 culture positives (liquid culture and solid culture) isolates of Mycobacteria were differentiated using SD MPT64 TB Ag Kit ® assay and PNBA ( Table 1) . 138 (90%) of 152 isolates of Mycobacteria were identified as MTBC with Strong positive bands similar to that of H37Rv strain (positive control) regardless of the culture medium (solid or liquid), while no positive signal was observed for any of the 14 MOTT and , indicating a test sensitivity and specificity of 100% ( Table 2 ) as compared with PNBA. 2 samples that gave faint band on test region were subjected to a repeat test with a longer incubation period of 48 hours as well as by PNBA (para nitro benzoic assay) and found to be MTBC.
There was no significant difference in identification of MTBC isolates between SD MPT64 TB Ag Kit ® assay and PNBA. The sensitivity, specificity, positive predictive & negative predictive values of the SD Ag MPT64 kit was found to be 100%. Kappa statistics value of 1 showed concordance between MPT64 with PNBA ( Table  2) .
This study also evaluated the ability of SD TB MPT64 Ag Rapid ICT kit to detect antigen before the micro MGIT could signal positive (approximately 10 5 -10 6 colony forming units (CFU) per ml of medium (Figure 1 ). The 5 MGIT used for early detection of MPT64 antigen the production of the antigen before the micro MGIT detected positive photograph's (Figure 2) . 100 µl of the inoculated media withdrawn from the MGIT second day onwards (after the inoculation), was checked for the presence of antigen by means of the band formation in the test region. But the bands were less intense and faint. These samples were re-affirmed after detecting positive to rule out false positivity. The MPT64 antigen detection in the initial stages of all the samples gave faint bands; however, it developed in an intense band from 4 th day onwards. The results are shown in table ( Table 3 ) (Figure  2) ICT pictorial representation.
Probably modification of the antigen extraction method leading to increased antigen concentration is needed for this rapid test to be used for identification of MTB in clinical samples. The negative test cassettes were ex- amined for test band appearance after overnight incubation at room temperature, none of these showed the test band.
Discussion
A global pandemic disease like Tuberculosis is a major public health problem in a country like India and one of the leading causes of mortality in killing 2 persons every three minutes, nearly 1000 every day [5] . Smear microscopy for AFB is rapid but less sensitivity and cannot discriminate between MTBC and MOTT [1] . Early diagnosis and a well-equipped Mycobacteriology laboratory to perform culture, identification and drug susceptibility testing of Mycobacterium tuberculosis is vital in the management of tuberculosis [1] . The automated liquid systems have improved the recovery of Mycobacterium from smear negative samples [9] - [13] , but there is still a need for rapid identification of MTB isolates. Newer rapid identification of the culture isolates and Anti tubercular drug resistant isolates has become a High priority for diagnosis & patient management [1] . The molecular methods are not cost effective and in a country like India which has a high load of TB disease [1] [5] . A cost effective, rapid & reliable identification test method will be of enormous help in resource limited settings countries. The Immunochromatographic methods have been found to be ideal diagnostic aid in TB control pro-
The main aim of this study was to evaluate a rapid & economically feasible test which accurately identifies MTB Complex isolates from positive culture samples. For treatment of Tuberculosis it is necessary to differentiate M. tuberculosis from Mycobacteria other than M. tuberculosis (MOTT). Most of the Mycobacteriology laboratories identify MTB using conventional biochemical tests. These tests are time consuming and laborious. Some useful antigens have been identified by molecular and immunological studies of MTB complex, some of which are very specific to MTB complex. MPT64 also termed as protein Rv1980c is one such antigen [26] [27] . It is a protein secreted by actively growing MTB strains [28] . The MPT64 antigen is absent in BCG strains, M. bovis & M. leprae and in other Mycobacterial species. This has been confirmed by cloning and sequencing of MPT64 gene of H37Rv culture filtrate [29] . The Rapid ICT test can reduce the time of identification drastically compared to conventional biochemical tests [30] [31] . SD MPT64 TB Ag rapid ICT kit was evaluated for Rapid Identification of 152 culture isolates by employing biochemical test PNBA (para nitro benzoic assay) as the ref-erence method for MTB identification & comparative evaluation of the rapid kit. The sensitivity of the rapid test kit was found to be 100% (138/138). An important observation in this study was no false positive results were detected. Thus the study found the specificity of the rapid ICT test as 100% & have concluded that the TB ICT test kit is an useful method for rapid & routine identification of MTB isolates [30] [31] .
The sensitivity, specificity, positive predictive & negative predictive values of the SD Ag MPT64 kit was found to be 100%. The less technically demanding nature of the ICT coupled with cost effectiveness compared to molecular methods for identification of MTB isolates, makes the rapid ICT method an excellent choice in TB diagnostics [30] [31] . 136 MTB isolates showed similar banding patterns as H37Rv strain. 2 samples which gave a faint band were re-evaluated after further incubation of MGIT. The band formation were sharper and intense and was also confirmed by conventional biochemical test PNBA .None of the MOTT showed band formation for MPT64 antigen, which indicated the specificity of MPT64 antigen to MTB. Previous studies too have shown the absence of this protein in non mycobacterial isolates [29] . The positive & negative predictive values obtained in the study were excellent with 100% ( Table 3 ). The PPV of 100% was observed in a previous study but with a lower NPV (92%) [15] . The lower NPV was attributed to false negative results. In contrast 100% NPV (260/260) was detected in one of the study [5] . There are reports of false negativity in ICT methods among few genetically confirmed MTB strains and is attributed to mutation occurring in the specific gene of MTB isolates [30] . There was no difference in the predictive values, sensitivity & specificity of isolates grown in liquid culture medium and on LJ medium. The intensity of the band was more prominent and sharp with the liquid cultures.
The study also attempted to evaluate the ICT for identification of MPT64 antigen from colonies on LJ media as soon as they were visible and the ability of SD TB MPT64 Ag Rapid ICT kit to detect antigen before the micro MGIT could signal positive. The band appeared in the test region of ICT but was less intense compared to the test done on fully grown colonies. The laboratories from the resource limited areas can speed up the identification process by employing ICT than waiting for full grown colonies which take additional 1 week. The MGIT were manually read using micro MGIT reader from the second day of inoculation and there is a clear demarcation for positive and negative zones (Figure 1) . The tubes that were close to positive zone (Figure 1) were vortexed and 100µl of the growth media was checked for MPT64 antigen by ICT and left aside for few minutes. There was band formation on both the test and sample area thought not dark but was clear evidence of antigen presence (Figure 2) . From this pilot experiment it appears that MPT64 antigen can be detected from the MGIT just before turning positive or coinciding with flourcent signal using micro MGIT reader. The detection limit was determined to be approximate 105 CFU/ml by an earlier study [32] . The use of liquid based automated system for the identification of MTB and further drug susceptibility testing is method of choice; however, it is still not widely followed for Tb diagnosis. Hence in resource limited settings we are endorsing this method and recommend the use of micro MGIT reader to be widely used by Tb laboratories.
Further, we also recommend the use of micro MGIT in clinical microbiology laboratories instead of highly expensive and technically demanding machines like MGIT 320 and 960.
Conclusion
The SD MPT64 TB Ag Rapid ICT kit is a simple, reliable, rapid and less technology invasive identification kit which can be used as a diagnostic tool in resource limited settings as well as in major diagnostic centres for accurate identification of MTB isolates. ICT contributes in a significant way in Tuberculosis control programmes. The low-cost and rapid PPV & NPV of the MPT64 antigen detection coupled with high specificity and sensitivity make the ICT a very useful diagnostic tool. India being the high burden Tb country is in need of introducing the ICT and rapid diagnostic methods more than any other country in the world.
